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INTRODUCTION 

.  „  1110  Phaseout  of  bal°n  production,  as  required  by  the  Montreal  Protocol,  continues  to 

challenge  researchers  to  find  an  effective  alternative  to  the  superior  fire  fighting  agents  of  the  halon 

2?mjy:  fk  °n  I3®1  ^  bcen  used  ^uite  effectively  in  many  applications  where  a  clean  agent  is  not 
absolutely  required.  With  the  phaseout  of  halons  and  the  lack  of  a  suitable  backfit  replacement  it  is 
now  more  critical  to  design  fire  protection  systems  appropriate  for  the  application. 

♦  •  ?any  aPPlications  where  fire  extinguishment  by  a  gaseous  suppression 

So  S  T 1  *£  “*  hal°n  reP,acement  clean  agents  commercfally 

Gaseous  hydrefluorocarbon  (HFC)  agents  and  inert  gases  are  the  front  runners  in  the  racefor  a  halon 

HFeTcause  ^  n0ne  reach  the  ,evel  overall  effectiveness  and  safety  as  Halon  1301.  Although 
HFC  cause  no  significant  damage  to  the  ozone  layer,  they  do  produce  hydrogen  fluoride,  an 

extremdy  corrosive  byproduct  of  the  fire  suppression  process.  There  is  still  a  need  for  an  efficient 
conomical  repiacement/altemative  for  many  spaces  currently  protected  by  Halon  1301 
FlamAe  extmguishment  by  dry  chemicals,  most  notably  alkali  metal  salts,  is  not  a  new 

194<?f  TCH  “  S,?d!Um  blcarbonate  have  been  used  in  hand  extinguishers  since  the 

rn  ’  S  P  C  6  size  al^ah  metal  salts  are  known  to  have  excellent  extinguishing  capabilities 
[  ],  more  effective  on  a  mass  basis  than  even  gaseous  agents  such  as  Halon  1301  [2-4].  Highly 
efficient  d^  chemical  agents  can  provide  excellent  fire  protection  while  consuming  minimal  space. 

The  most  common  alkali  metal  salt  agents  in  use  are  sodium  bicarbonate  (NaHCCh)  and 
potassiumb, carbonate  <KHC03).  NaHC03  is  widely  used  in  fire  extinguishers  because  of  low 
cost  Both  agents  also  have  markets  m  such  applications  as  paint  spray  booths,  fuel  filling  stations 
restaurant  cooking  areas,  and  in  explosion  protection.  In  addition  to  high  efficiency,  the  powders  ’ 

fem  N^CoToramcSfiSS  mii'Jdin,8  ™  *nd  corrosivit>'-  hnpact  on  the  environment 

^  .  3  s  minimal.  They  have  zero  ozone  depletion  potential  (ODP)  and  global 

wanning  potential  (GWP).  The  powder  left  by  the  dry  chemicals  folio  Jng  suppression  remat  a 
drawback,  limiting  their  application  to  areas  that  can  tolerate  the  residue.  Decked  visibility 

annnfatinn  °n  •“  *  S°  2  ‘j0,!?*™*  Paiticle  susPension  is  another  limitation,  especially  for^ 

d,ig  agenL  In  these  applications  the  particles  must  remain 
suspended  m  the  fire  threat  area  sufficiently  long  to  eliminate  the  chances  of  a  reignition  The  agent 
must  also  flow  around  objects  to  extinguish  obstructed  fires  in  a  similar  manner  to  gaseous  agentt 
For  conventional  sized  extinguishing  powders  (i.e.  20-100  pm)  the  majority  of  the  particles  L  too 

Td  316  n0t  C!P3b  e  °f! SUSpension  for  extended  P^ods  of  timi  tyrotechnk  generation  [1] 
can  yield  micron  sized  aerosol.  Also,  very  small,  aerosol  sized  particles  ofn^n-pyroST  11 

^sTn  ^  P0Wderkhave  becn  Sloped  [3]  to  address  the  questions  erfflow  and 
pension,  and  are  currently  being  tested  m  Europe  for  use  in  scenario  specific  applications  [5]. 

EXPERIMENTAL 

counterflnwdiffif  CXIi"Suishi"e  P^mance  of  powdered  agents  was  evaluated  in  a  propane-air 

SftSr.  r  “  NRL  Td  k T  0lKCUred  ■*1—  P“  «»  wi*in  a  fire  test  chamber 

'vas.“nd“f!d  widl  bo*  sodium  bicarbonate  (NaHC03)  and  potassium 
for  hoth  ,,h^fC°3  '  .PreParat,on  ofthe  “Sted  samples  was  performed  by  Kidde  in  separate  tuns 

ftactiomta  tf,e  KHm”8  ll'e  S,ame  mCth°d  *nd  basc  stock  Powders.  Prior  to  particle  size 

IPI<r03  sample  was  ground  using  a  ball  mill  (Fritsch  Pulverisette  type  06.102)  to 

particle steTttebMCOrm  rir3'' 5n°U8h Si“S ‘° P,!',ni, sieving-  Due ,0 the  lower mea" 
S'  „  fJHC°3  (Dossikarb)  powder  as  received,  it  was  fractionated  without  any  prior 

m  sii  Leettf  ^S  m“1,??icall>,  sieved  O'***  Analysette  type  03.502)  in  a  shaker 

g  s  of  38  pm,  38-45  pm,  45-53  pm,  53-63  pm,  and  63-75  pm.  Silica  (2%  by  mass)  was 


added  to  die  powder  samples  as  a  drying/anti-caking  additive.  All  powder  samples  flowed  verv 
freely  with  no  agglomeration  noticed.  A  scanning  electron  microscope  (Cambridge  S200)  wa7used 

WCrc  co,;ducted  a  counterflow  diffusion  burner  [6].  The  counterflow 
Jffusion  flame  is  laminar  and  one-dimensional  and  allows  for  variation  of  the  strain  rate  (see 
below).  Extinction  testing  enables  a  fundamental  study  of  the  extinction  mechanism  and  the 

axisvmmeSrfcmrobr  ^ ‘hemical  imposition,  and  strain  rate.  The  burner  consists  of  two 
axisymmetnc  1  cm  ID  burner  tubes  separated  by  1  cm  as  shown  in  Figure  1  A  flame  is  estahlich^ 
in  the  region  between  the  two  tubes  where  the  opposed  fuel  and  oxidizerfW  m  j  Sf  ** 

tubcfcenteV  LaS^r"  mea°sure'^e  vel^i^profi^^ki'ng^e 

tube  centerline.  In  an  un.nh,b,ted  flame,  extinction  is  achieved  when  the  air  and  fee  flow  mtes  are 
m^eased  such  that  ttie  velociV  gradient  exceeds  the  critical  value  referred  o“ \*Z?£sZn 
rate.  For  an  umnhibited  propane-air  flame  this  has  a  value  nf  c-1  r~  *u  *  * 

was  typically  oniy  achieved!*  dre  cen^teS^l  J?' ^ 

Powder  concentrations  for  flame  extinction  were  measured  at  three  different  flame 

S°Z rnX  T  determined  ***• 

efflribl^h  ^i*1’  rc!?)ec,ively.  For  dre  powder  extinction  conc^rmtionu^^dief^ne'was  e<^U,n, 

the  flame  and  gradually  increased  until  the  flame  extineuishe^FW  ra5°duced  ,n*° 1,16  *“■  Slde  of 

fi5KSSSJSEr23*£3» 

Data  LrcXmd  hv  ,  .  ;  A  ‘T**’  op,ical  tried  to  block  this  emission. 

Tender)  The  board  ™  8  hh  hi^r  elUS"1®  “  analog ,0  digi,al  boaKl  (Scientific  Solutions  Lab 

second  channel  recorded  the  intensity  of  the  central  luminn^  co^ectef  the  system,  a 

ptotomultiplier  tnbe.  Extinction  of  the  flame  was  mariced  bTa*^  decTiTin'fti’^  * 

~5=S~S=£k=s: 

2  The  Si :  a  2l7  “'r  f,rc  test  “  PJ  "todifled  as  ^ t  Figure 

chosen  .^^LlLThe  roTfloXtirwof  “  Sb0W"'  ^  d'Si8" 

°°a,ng  aDU,ty  of  the  powders.  The  suppressant  tested  was  weighed  to 


>«  ■*  **  niuogcn  and  dispersed 

added  10  the  fire  pan  and  the  baffle ™  '  ^  r  ^  Water  and  "-■"*»« 

At  45  s  after  ignition  the  fen  was  switched  off  and  the  f ”*  j”*  i™  l®nittd  and  tfle  chamber  sealed, 
side  vents  wem  closed;  at  t=60s  tejZ,  !?  C,'°Sed;  at  1=5  5  *.  «»  test  chamber 

the  test  was  classified  as  a  failed  suppression.  ^  'SC  ***'  '  lfthc  fire  remained  lit  at  t=75  s, 
rcsidua/suppuessant  ,  B«T:n  *■  *- ■»  was  cleaned  of 

ofelMflamlh  *°  ^™d  a”  increasing'y  smailer  range  aroundthe  “critical”  mass'measured  for  miction 
RESULTS 

Counterflow  Diffusion  Flame 

flow  0f^~srsrflrcm^  fo  NaHC°3  and  KHC°3  P°wders  in  the  air 

bin  are  tabulated  in  Table  1  and  plotted  in  FiemeW  cll°u  °f  the  measured  strainfor  each  size 

concentration  varies  inversely  with  the  strain  rate  „'f  th  s~nera  ’  show  <bat  the  extinction  mass 

the  agent  Figure  4  is  a  plot  ofteeninS"  ~  flame. and  d,rectl>'  <■*  particle  size  of 

snain for eachpmtide ton size teried!  ° ,of ,0 IvHc°3  versus 

more  effective  than  NaHCOi  on  a  mass  basis^Ltin  ^  K^?C?3  ,S  aPProximate*y  2.5  times 
molar  basis).  3  on  a  mass  bas.s  m  extinguishing  the  flame  (3  times  more  effective  on  a 

The  pot^d£bra°^Mu7h^.“  2^1“  “nttibu,e.t0 the  inhibi,io"  by  powders, 
inflated  radiators,  iSding  to  radiational c£  „^heT'’  1  pa^?l.“  *“  often  'ff«*ive 

(including  the  alkali  metal  bicarbonates)  171  win  undent  "  addmon’ some  chemicals 

temperatures,  releasing  carbon  dioxide  The  ds°  endothermic  decomposition  at  elevated 

decompose  al  a  much  higtr  temXura  FuX  ”  “f  "W  W  vaporize  and 

scavenging  processes  involving  either  the  solid  rf  c  exIsls  Possibility  of  flee  radical 
by-products  of  die  solid's  decTpS ^0°^^)^ 

undJS  ^  d^cet  :SireLb^rseffw,ir  “  *  n°' 

differences  in  the  decomposition  temperature  and  enthni  ^  ^  P^551*1111  cou,d  be  due  either  to 
cycles  between  the  two  elements.  °r  t0  dl^erences  in  catalytic  scavenging 

eflectiv^r^i^rtS^  rible  m?des  ^  particles' 

decomposition/vaporization,  andsXHL,"  ^em'fo^mT^  T^0"’ 

more  effective  at  fire  suppression,  in  accord  &  ,  particles  are  expected  to  be 

does  not,  however,  allow  us  to  determine  the  Drimarv  .°^se^vations\  dependence 

fires.  P  mary  means  by  which  these  particles  extinguish 

agent.  The  sooner  ^ptrtide^  characteristic  in  the  effectiveness  of  an 

suppressing  the  flame,  whether  it  be  nhv^i  '  u  "  S00ner  ft  can  act  out  its  role  “ 

pobt  flow  field  the  streamlines  ^  h  FigUrc  a 

either  follow  these  streamlines  if  small  enough^or  vriildCTfamfimriife^fflUwmflnM^uidbcgii^to'feli 


£X  XkS,te  gravitational  force  overcomes  the  .tag  force 

prs^ 

mass  to  the  flame  than  a  large  one  Within  the  eyn*  •”  ^Ti0  *  presencs  I"orc  surface  ama  per  unit 
medium  stain  case  Zu2 S tS  55iresP=“'™ly-  T*>  figure  contains  data  for  the 

t“Xmn„8  r;£Ef£ttrc“5^'  « 

r ring  a  ir  :L:“  ^  “ 

Xpct!“ 

NaHC03  sample  at  medkim  strain  A  sirahT-  °  mCreaSe  “  ±c  efficiency  at  about  45  pm  for  the 
larger  pride  size  of  abourifZ'  ™  n  ““T** iwas  2ls°  "°«d  f°2  KHCO3,  but  at  a  much 

large  pemen^f  ve™il  prices  in  a^let'  f°™  **  ™,X*  “T  ■»  Muenced  by  the 

extinction  concentration  increases  with  the  Hia  mS  °  ^  aSent-  The  data  show  that  the  required 

extinction  mass  cJZZ„Zd  dil^  ,T  f®?  A  ,in'“  “““on  between 

Figure  5a.  There  d<xSZ^  'aT^  ZZ7  ’h'm'di'm  ’***  as  seen  in 

mass  concentration  versus  average  Daniels  c  rf  a  10n  a  the  med,um  strain  case  for  the  extinction 
particle  surface  area  avd^hTto^nteratwitirdre  flame  mor^Y*1  ^'®Ure  *  Furfltisstaimdte 
effectiveness  than  does  the  particle  diameter.  °SC  y  COrrc,ates  w,th  oppression 

compltairiby 0to“arimXrX^tri^lati0^bTWn  Surfa“  ”**  mi  effcctivencss  was 

f°W’ bU^'  toSt'fte  flrie"Sn" 

accurately  measure  00^  0^1^^'  Sma"  ‘haUh,C  ^  ddi'"'y  was  difficult  to 

reproducible  values.  It  was  thus  difficult  to  a2?!11® t0  uncertain  and  poorly 

effectiveness  for  these  two  Ztas  bS  IdH  Z  V relatonsh,p  b'tw*"  P«icl=  size  and 
Effectiveness  did  correlTm  S^l^h  "T  °"C'  more  'fbetive. 

determination  of  surface  area  in  this  snfdv  was  hf^H  *^ta  Wlth  ?lameter-  No,e  <hat  the 
average  diameter  for  the  sieve  tacrioT  a  b  /  asi,unI*l0,' of  2  spherical  pride  of  the 

on  suppression  wiflrMuire^hem^Msii^  det'™i"2'i»n  of  the  effect  of  surface  are. 

observations  ^  hoZL  c^^T-'  f  ^  *  ■“  2ds0'P<i°")-  These 

preferable  due  ,o  ^  Sma"W  p2nid“  «• 

unace  area  and  more  favorable  suspension  properties  [3]. 

Pan  Fire  Chamber  Test 

Extinction  mass  concentration  measurements  for  NaRCO^  «»n/t  vurn  j 
obscured  n*heDtane  nan  firp  in  *.  'T07  ,  3  *tnd  KHC03  powders  on  an 

The  results  show  KHCO?  tn  k  *  -f  ^am^5er  ^  tabulated  in  Table  2  and  plotted  in  Figure  6 
TTte  results  show  KHCO3  to  be  more  efficient  in  suppressing  these  fire  than  NaHC03.  SnX 


particles  arc  also  more  efficient  in  suppressing  fires  than  are  large  particles  It  is  difficult  tn 
determine  die  dependence  of  surface  area  on  the  effectiveness 

variables  affecting  the  chamber  test  results  y  mterre,ated 

and  ■  .9 *  ta  iIt ^ 
_ic  with  particlediameter.  S. 

one  another,  this  cannot  be  a  basis  for  scientific  comparison.  ’  ^  cancel 

SUMMARY 

.»rr;:sr;c»trii*£;*rr 

ranges  tested;  smaller  particles  are  more  effective  in  suppressing  the  flame  than  the  huger  ones' 

^i'  ^The  t^ne*11'  ^T'iCa!,i,i^,|0f  d^'^^'c^^^asana^nmiveto'ifa^^fi**05 

Naval  Reseajc^t  Laboniton^ atuTfCidclTlnteniaLdona^  w,0"8?"8  Colkborati-  effort  between  the 
evaluate  the  eflecfivemZfXde^  eXSt  T ^  by  ^  is  P1™"*1  to  <«« 
determine  the  size  disdibutiorof  thesamplesuted'^c'idde^s  ^  “ 

“jcr e  'x,in8uishmcn' ^  * 
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Figm-c  2:  Schematic  of  287  liter  obscured 


Figure  4:  Extinction  mass  concentration  ratio  rWo/i^\  n 

each  panicle  size  range  in  a  propane-air  conn  Jrflow  dr^ato"  fOT 
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Figure  5:  Extinction  mass  concentration  a c  a  s~\ 

indicated  size  range  and  (b)  average  nartirU  rf  r  average  particle  diameter  of  the 

•  ®  '  '  ra8e  particle  surface  area,  for  a  medium  strain  run  c’S 

propane-air  counterflow  diffusion  flame.  stram  10  s  > 


Figure  6t  Extinction  mass  concentration  as  a  fiinrtirm 
indicated  size  range  and  (b)  average  panicle  surface  area, 
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The  Combustion  Dynamics  Section  of  the  Navy  Technology  Center  for  Safety  and  Survivability  is  actively  involved  in  addressing 
US  Navy  needs  for  fire  protection,  concentrating  on  the  effectiveness  of  current  and  future  fire  extinguishing  agents,  with  the 
responsibility  to  recommend  and  help  design  Navy  shipboard  total  flooding  fire  suppression  systems.  We  are  currently  examining 
several  replacement  agents  and  alternative  suppression  technologies  including  the  use  of  aerosols  and  powders. 

This  paper  describes  recent  collaborative  work  with  Kidde  International  on  the  flame  extinction  properties  of  various  bicarbonate 
powders.  We  have  examined  the  concentration  of  bicarbonate  powders  required  to  extinguish  both  laboratory  counterflow  propane-air 
diffusion  flames  and  small  obscured  n-heptane  pan  fires.  Extinction  information  as  a  function  of  powder  composition  and  size  has  been 
obtained.  Within  experimental  uncertainty,  smaller  particles  were  more  effective  than  larger  ones.  Potassium  bicarbonate  was  more 
effective  than  sodium  bicarbonate  for  each  particle  size  studies.  Similar  dependence  on  size  and  powder  composition  was  observed  in 
both  the  counterflow  diffusion  flame  and  small  chamber  pan  fire  tests.  Powder  extinction  data  are  given  as  well  as  implications  of  the 
findings. 
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